A 25-year-old womanwith no history of liver disease developed liver dysfunction associated with severe jaundice and general malaise following a prolonged therapy with minocycline for acne vulgaris. Serumanti-nuclear antibody was detected and immunoglobulin G level was elevated. Symptomsresolved and liver function normalized following minocycline discontinuation and corticosteroid administration. Our diagnosis was drug-induced hepatitis with autoimmune features, as liver histology revealed acute hepatitis. Drug-induced hepatitis should be considered whenliver dysfunction or systemic symptoms develops during long-term minocycline therapy. (Internal Medicine 42: 48-52, 2003) 
Introduction
Minocycline hydrochloride is a semisynthetic tetracycline derivative used in the treatment of infectious disorders. It is particularly effective against Propionibacterium acnes and coagulase-negative staphylococci; thus, one of its most commonindications is for the treatment of acne vulgaris. Under this indication (1), the drug is given for a prolonged period (months to years), mainly in young and otherwise healthy patients. The safety of minocycline in the treatment of acne has been widely reported (2, 3) . Onthe other hand, a variety of adverse effects related to minocycline treatment have been described. In recent years, it has becomeclear that minocycline can induce abnormal immune reactions, resulting in hepatitis, arthritis, and sys-temic lupus erythematous-like syndrome (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Some cases of autoimmune hepatitis (AIH) associated with minocycline have been reported in Europe and the United States (4) (5) (6) (8) (9) (10) (11) (12) (13) . With increasing recognition, the number of reported cases has expanded in the past several years. In Japan, however, there have been few reports of minocycline-induced AIH. Wereport here a 25-year-old patient with acute hepatitis with autoimmune features whohad been taking minocycline for 12 months prior to the onset of disease.
Case Report
A 25-year-old Japanese womanwas referred to our hospital on January 30, 2002 for investigation of deranged liver function tests associated with severe jaundice and general malaise. She had been prescribed minocycline for acne vulgaris from a local clinic and had been taking the drug, 100 mg daily, for 1 year. During this period, she had never complained of any specific symptoms, and her liver function had never been tested. In December 2001, she developed general malaise. She had no history of drug or food allergies, blood transfusions or significant alcohol consumption. On admission, physical examination was significant only for obvious icterus. She was alert and had no hepatosplenomegaly or other characteristics of chronic liver disease. Acnewas present, however, no other skin rash wasevident. The results of her laboratory tests are shown in Table 1 .
The total white blood cell count was within the normal limit, without eosinophilia. Prothrombin time (PT) was prolonged. Table 1 . Laboratory Data on Admission were undetectable in the sera by polymerase chain reaction and reverse transcriptase polymerase chain reaction. Serology for Epstein-Barr virus (EBV), cytomegalovirus (CMV), herpes simplex virus (HSV) and human herpes virus-6 (HHV-6) was also negative. The anti-nuclear antibody (ANA) titer was 1:160 with a diffuse pattern. Antismooth muscle antibody (ASMA), anti-mitochondrial antibody (AMA), and perinuclear anti-neutrophilic cytoplasmic antibody (PANCA) were negative in the sera. The serum immunoglobulin G level was elevated to 2,110 mg/dl.
Haplotyping shows that the patient belonged to HLA-DR4. The lymphocyte stimulation test using minocycline was negative. Liver atrophy, hepatosplenomegaly, and ascites were absent by abdominal ultrasonography and computed tomography. Neither esophageal nor gastric varices were detected by upper gastrointestinal endoscopy. A liver biopsy revealed the presence of collapsed hepatocytes, mainly in acinar zone 3. Ballooned hepatocytes and acidiphilic degradation was shown throughout the acini.
Kupffer cells were enlarged and formed clumps mainly in the parenchyma, but also in the portal area. In addition, there was infiltration of the acini by inflammatory cells, including lymphocytes and plasma cells. Someportal tracts were infiltrated with lymphocytes and plasma cells, however, fibrosis and scar formation were not apparent ( Fig. 1A, B) . A probable diagnosis of drug-induced hepatitis was considered and minocycline therapy was discontinued, although the other possible diagnoses, including minocycline-induced AIHor spontaneous AIH, were not completely discarded. Because of progressive deterioration in liver function, steroid therapy with a daily dose of 1 g of methyl prednisolone was started. The levels of serum bilirubin and transaminase decreased dramatically and approached the normal limits. The serum immunoglobulinGlevel normalized, and the titer of ANA fell to 1:40. Laparoscopy and a second liver biopsy were performed 10 weeks after discontinuation of minocycline. Laparoscopy demonstrated small depressions on the liver surface; however, neither reddish markings nor grooved-like and coarse depressions were present. Liver size was normal and splenomegaly was not detected. Second biopsy specimens of the liver revealed moderate condensations of reticulin and small Figure 2 . Liver biopsy specimen obtained 10 weeks after discontinuation of minocycline. A: Moderate condensations of reticulin were apparent in acinar zone 3 (silver stain, x200). B: Liver cell damage was dramatically improved and small regenerative hepatocytes were seen in acinar zone 3 (HE stain, x200). regenerative hepatocytes in acinar zone 3. In addition, dramatic reductions in inflammatory cell infiltrates and damage to hepatocytes were seen compared to those of the first biopsy specimens ( Fig. 2A, B) . Clumps of Kupffer cells were present in the parenchyma and portal area. Portal tract infiltrations and fibrosis were few.
The patient was treated oral corticosteroids for 3 months. Her liver function tests remained normal after corticosteroid discontinuation.
Discussion
The patient described here had no risk factors for liver disease, and viral markers were negative. She had been taking minocycline for a long period for the treatment of acne vulgaris. She developed hepatitis, and the titers of ANAand serum immunoglobulin G were elevated. After discontinuation of minocycline and initiation of corticosteroid therapy, she improved completely, both biochemically and clinically.
According to WHOdocumentation, a total of 8,025 persons showed reactions to minocycline, and 493 (6%) of these reactions involved the liver (14) . Minocycline hepatotoxity was first presented as microvesicular steatohepatitis in patients treated intravenously with high doses of this drug (15) . However, these reactions have been reduced drastically and are extremely rare now. Minocycline-induced hepatotoxic reactions have been categorized into two groups. The first group is, those that appear to be attributable to a hypersensitivity reaction with fever, skin rash, arthralgia, and hypereosinophilia. All reported cases of hypersensitivity reactions occurred within 35 days of the start of minocycline therapy (14) .
The second group is, those that can be classified as AIH.
These cases are also diagnosed as minocycline-induced hepatitis with autoimmune features (1 3). This reaction is presented as an autoantibody-positive in sera without eosinophilia and other allergic features, and mainly affects young women. A systematic review of the published literature (14) found that 69% of patients with minocycline-induced AIH were female with a mean age of 22 years. Moreover, AIH developed with a prolonged course of minocycline therapy, usually after a year or more, and a positive titer for antinuclear antibodies was recorded in 90%of the patients. Thus, our case has features similar to the previously reported cases of minocycline-induced AIH.
Some authors have reported the histologic features of minocycline-induced AIH (8) (9) (10) (11) (12) (13) . Goldstein et al (12) compared the morphologic features of liver biopsy specimens of minocycline-induced AIH and spontaneous AIH and reported that they are usually identical.
The present patient showed histologic features of acute hepatitis; however, patients with spontaneous AIHwith histologic features of acute hepatitis have been reported (16, 17) .
Thus, the serologic and morphologic features of minocycline-induced AIH are very similar to those of sporadic AIH. However, the two conditions differ in outcome. Most of the patients with minocycline-induced AIH recover upon withdrawal of the antibiotics. Eight of 29 reported patients were treated with corticosteroids (5) . In our experience, resolution without recurrence after withdrawal of the drug and a short course of corticosteroids favors druginduced AIH rather than spontaneous AIH. We diagnosed our patient's condition as drug-induced hepatitis with autoimmunefeatures, because liver biopsy specimens showed that the parenchymal changes were predominant in acinar zone 3. However, the possibility of minocycline-induced
AIHwas not completely ruled out, due to the presence of inflammatorycell infiltrates including plasma cells in portal area at the time of the first biopsy. The mechanism by which minocycline induces hepatitis is unknown. Herzog et al (ll) analyzed the serum of an affected patient and found multiple autoantibodies, including those to 50-and 90-kd proteins on human hepatoma cell lines. They speculated that an antibody reaction against a yet unknownmetabolite of minocycline cross-reacts with several microsomal cytochromes. Unique HLA types of patients with minocycline-induced AIH have not been investigated yet.
Reported cases of minocycline-induced AIHor minomycine-induced hepatitis with autoimmune features, have been mainly from Europe and the United States (4-6, 8-13).
However, follow-up biopsies after steroid therapy in the same patients have not heretofore been reported in detail and their characteristics have not been clarified. Fewcase reports in the literature originate from Japan. The reason for this is unknown; however, it may depend on differences in genetic background or popularity of the drug. However, the possibility of lack of awareness of this condition was not completely discarded. Clinical suspicion and early recognition of possible drug causes of hepatitis are critically important, since withdrawal of the causative drug leads to a rapid recovery. Minocycline is a widely used antibiotic and is sometimes administered for prolonged periods.
In order to prevent serious complications, the possibility of drug-induced hepatitis should be considered when liver dysfunction or systemic symptoms develop during minocycline therapy.
